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(54) BODY ACTION SENSING INSTRUMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a body action 
sensing instrument capable of sensing user s body 
actions including evaluation information of a walk and 
rehabilitation of a cerebropathic patient, judging whether 
or not the actions are prescribed actions to display the 
information, and providing the person himself/herself or 
a observing person with the information for evaluation. 
SOLUTION: The body action sensing instrument has a 
function of judging types and strength of body actions 
based on a combination of the results of prescribed 
computation (e.g. dispersion of sensed waveform) on an 
acceleration output and rotational angular speed which 
are measured by a device at body side (e.g. wrist watch 
type) including an action sensor capable of sensing an 
acceleration in one direction (e.g. vertical direction) and 
a rotational angular speed in one surface (e.g. including 
forward/backward direction and vertical direction), and a 
function of displaying the results. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The movement sensor which can measure the acceleration of one direction, and the 
surrounding angular rate of rotation of one shaft. The body side equipment with which the 
predetermined part of the body is equipped including a measuring circuit means by which 
predetermined carries out period measurement of the acceleration of said one direction, and the 
surrounding angular rate of rotation of one shaft, by this movement sensor, An arithmetic circuit 
means to perform a predetermined operation to the acceleration output and angular-velocity 
output of this measuring circuit means, respectively, A judgment circuit means to judge the class 
and reinforcement of body movement in said predetermined period with the combination of the 
acceleration output and angular-velocity output to which said predetermined operation was 
performed. Body actuation sensing equipment characterized by having said display means to 
display the class and the reinforcement, or its evaluation result of judged body movement. 
[Claim 2] Body actuation sensing equipment of claim 1 characterized by building all of said 
movement sensor, said measuring circuit means, said arithmetic circuit means, said judgment 
circuit means, and said display means in the body side equipment with which the predetermined 
part of the body is equipped. 

[Claim 3] Said movement sensor, said measuring circuit means, said arithmetic circuit means, 
and said judgment circuit means. It is buUt in the body side equipment with which the 
predetermined part of the body is equipped with said movement sensor and said measuring 
circuit means at least among said display means. It is body actuation sensing equipment of claim 
1 characterized by building other means in the external device with which said body is not 
equipped, and having equipped said body side equipment with the transmitting means of middle 
data, and equipping said external device with the receiving means of said middle data. 
[Claim 4] For the angular velocity of one direction which the body is the acceleration of the 
vertical direction mostly, and said movement sensor detects, the acceleration of one direction 
which said movement sensor detects is claim 1 characterized by being the angular velocity to 
rotation within the flat surface of the body which contains the direction of a vertical, and a cross 
direction mostly thru/or one body actuation sensing equipment of 3. 

[Claim 5] Said body side equipment is claim 1 which is the device with which an arm is equipped, 
the angular-velocity sensor section of said movement sensor is contained by the container of a 
core box with thin thickness in the interior, is arranged almost in parallel with the largest field 
of said body side equipment, and is characterized by for the detection hand of cut of said 
angular-velocity sensor section to be a direction almost parallel to the largest firont face of the 
container of said core box thru/or one body actuation sensing equipment of 4. 
[Claim 6] Said body side equipment is body actuation sensing equipment of claim 5 which it has 
a display on the main front faces, and the acceleration- sensor section and the angular-velocity 
sensor section of structure which were unified are contained by the container of the core box of 
said movement sensor, and the container of said movement sensor is arranged in said body side 
equipment almost in parallel with said display, and is characterized by for the acceleration 
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detection direction of said movement sensor to be a direction almost parallel to the largest front 
face of the container of said core box. 

[Claim 7] Said predetermined operation is claim 1 characterized by being asking for one [ at 
least 1 distribution of said acceleration output and said angular-velocity output thru/or one body 
actuation sensing equipment of 6. 

[Claim 8] Said predetermined operation is body actuation sensing equipment of claim 7 
characterized by being asking for one [ at least ] distribution of said acceleration output and said 
angular-velocity output, and taking the logarithm further. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention detects movement which the body performed and relates 
to the body actuation sensing equipment which can provide a watcher with the information. 
[0002] 

[Description of the Prior Art] Many [ the proposal of invention which attaches in a user's body, 
detects movement of the body by the sensor, judges a user's movement situation by the data, and 
is used for the purposes, such as health care, ] For example, telephone transmission is carried 
out, the momentum which carried out automatic meter reading to the inputted personal data is 
analyzed to an external center computer, and the personal digital assistant which has the 
accelerometer which the user put on in the technique indicated by (l) JP, 10*29565 1,A (waist etc.) 
carries out a medical checkup to it, and receives and displays the result. 

[0003] (2) In the technique indicated by JP,2000-41953,A, process the primary body motion 
which the body motion sensor of an action data collector (user body side) detected, and the action 
data output eqviipment (external personal computer side) which received it outputs the data 
which carried out secondary elaboration using individual humanity news. Individual humanity 
news input by the side of a living body information gathering device and are recording of a lot of 
secondary elaboration information are made unnecessary, and reduction of operabihty or 
memory space is aimed at. 

(3) In JP,2000-41952,A, in order to reduce the memory space of an action information detection 
device, from the output of a sensor and a body motion detector, calculate biological information, 
such as the number of steps, a walk pace, a class of action, exercise intensity, and a consumption 
calorie, using Interior MPU, and transmit a count result to storage, a display, or the exterior for 
every minute. 

[0004] (4) It seems that in addition, an acceleration sensor is made to build in a pedometer 
(pedmeter (trademark)), the wrist watch of a multifunctional mold, etc., and there were also the 
product and reference which measure the number of steps and exercise intensity and told health 
management information, such as a consumption calorie by movement. 

(5) In order to perform the monitoring of actuation of the patient who produced the failure in 
action, or an urgent automatic announcement for the purpose on medical supervision 
furthermore, in addition to an acceleration sensor, angular-rate -of-rotation sensors, such as an 
oscillating gyroscope, are added, and a report [ in / in research and an experiment of specification 
aiming at detection of movement being made / a related society ] etc. sees. 

(6) On the other hand, when the movement sensor technique was seen, acceleration and angular 
velocity were conventionally measured by the separate sensor. By the angular-velocity sensor, 
the oscillating gyroscope which used the free free bar and the tuning fork of 2 pieces as an 
oscillating object which detects Coriolis force is being used especially. 

[0005] 

[Problem(s) to be Solved by the Invention] It is still small fully for seeing the gestalt of each 
implementation of invention in the above-mentioned conventional example (l), (2), and (3), and 
the burden of the user (the body is an inconvenient patient in many cases) by wearing is 
considered that it cannot say that few body side devices are proposed. Although there is an 
advance in respect of the miniaturization of a device in the conventional example (4), it is not the 
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technique which the information which it is going to acquire in these conventional examples has 
stopped within the limits of a healthy person's health care, for example, can be immediately used 
also for the medical purposes, such as evaluation of a patient's rehabilitation. 
[0006] Although the purpose of research of the above-mentioned conventional example (5) also 
have the point which be common in this invention in it be the improvement of the iatrotechnique, 
detection of the actuation relevant to it be target the specific disease as the concrete purpose (for 
example, movement which a burden require for a circulatory system disease and cardiac 
performance), and there be many parts which cannot apply actuation of paral5rtic I by cerebral 
infarction ] to this invention which it be going to put into a visual field easily directly, either. It 
seems that moreover, there is no reference about the concrete optimal technique which actually 
equips a patient with a movement sensor not much. 

[0007] Moreover, surface of revolution, the revolving shaft with which the angular-velocity 
sensor in the conventional technique mentioned as the conventional example (6) can detect 
angular velocity, i.e., detect, on the longitudinal shaft of the tuning fork of 2 pieces or a 
cylindrical oscillating object, is perpendicular to a longitudinal shaft. This increases the 
thickness of body side equipment inevitably, when parallel to the main firont faces of the 
equipment which equips the body with detectable surface of revolution. Moreover, body side 
equipment will be carried out to an acceleration sensor and an angular-velocity sensor being 
another objects on a large scale. In order to mitigate the feeling of a burden of wearing according 
to these situations, in the present condition, it is difEicult a thin shape and to make it small. In 
addition, there are also many examples as which the sensor of other gestalten was proposed. 
[0008] The purpose of this invention is offering the high body actuation sensing equipment of the 
practicality with which detects actuation of a user's body, can distinguish it being predetermined 
actuation, and can display the information, and he or an observer can be provided. Moreover, it is 
ofiTering the body actuation sensing equipment which enabled measurement of a walk, and 
evaluation of rehabilitation at least. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the body 
actuation sensing equipment of this invention is equipped with the following description. 

(1) The movement sensor which can measure the acceleration of one direction, and the 
surrounding angular rate of rotation of one shaft. The body side equipment with which the 
predetermined part of the body is equipped including a measuring circuit means by which 
predetermined carries out period measurement of the acceleration of said one direction, and the 
surrounding angular rate of rotation of one shaft, by this movement sensor. An arithmetic circuit 
means to perform a predetermined operation to the acceleration output and angular-velocity 
output of this measuring circuit means, respectively, Have a judgment circuit means to judge the 
class and reinforcement of body movement in said predetermined period with the combination of 
the acceleration output and angular-velocity output to which said predetermined operation was 
performed, and said display means to display the class and the reinforcement, or its evaluation 
result of judged body movement. 

[0010] The body actuation sensing equipment of this invention may be ftirther equipped with at 
least one of the following descriptions. 

(2) Be built in the body side equipment with which the predetermined part of the body is 
equipped with all of said movement sensor, said measuring circuit means, said arithmetic circuit 
means, said judgment circuit means, and said display means. 

[00 11] (3) Said movement sensor, said measuring circuit means, and said arithmetic circuit 
means, It is buUt in the body side equipment with which the predetermined part of the body is 
equipped with said movement sensor and said measuring circuit means at least among said 
judgment circuit means and said display means. Other means are built in the external device 
with which said body is not equipped, and said body side equipment should have been equipped 
with the transmitting means of middle data, and said external device should be equipped with 
the receiving means of said middle data. 

[0012] (4) The angular velocity of one direction where the body is the acceleration of the vertical 
direction mostly, and said movement sensor detects the acceleration of one direction which said 
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movement sensor detects should be the angular velocity to rotation within the flat surface of the 
body which contains the direction of a vertical, and a cross direction mostly. 

[0013] (5) Said body side equipment is a device with which an arm is equipped, in the interior, 
the angular-velocity sensor section of said movement sensor is contained by the container of a 
core box with thin thickness, and is arranged almost in parallel with the largest field of said body 
side equipment, and the detection hand of cut of said angular-velocity sensor section should be a 
direction almost parallel to the largest front face of the container of said core box. 
[0014] (6) Said body side equipment has a display on the main front faces, and the 
acceleration-sensor section' and the angular-velocity sensor section of structure which were 
unified are contained by the container of the core box of said movement sensor, and the container 
of said movement sensor is arrjanged in said body side equipment almost in parallel with said 
display, and the acceleration detection direction of said movement sensor should be a direction 
almost parallel to the largest front face of the container of said core box. 

[0015] (7) Said predetermined operation should be asking for one [ at least ] distribution of said 
acceleration output and said angular-velocity output. 

[0016] (8) Said predetermined operation should be asking for one [ at least ] distribution of said 
acceleration output and said angular-velocity output, and taking the logarithm further. 
[0017] 

[Embodiment of the Invention] Drawing 1 is the block diagram of the gestalt of operation of the 
1st of the body actuation sensing equipment of this invention. This equipment consists of the 
body side equipment 1 which a user attaches in the predetermined part of the body, and the 
external device 2 installed in a medical center- location. The internal configuration of body side 
equipment 1 The acceleration to the specific direction The angular velocity of rotation parallel to 
the acceleration sensor 11 to detect and a specific field Excite respectively the angular- velocity 
sensor 12 to detect and the sensor which is these mechanical oscillation object, extract the . 
detecting signals Pll and P12 of acceleration and angular velocity again (a driving signal is P130 
and P140), and detection, magnification, etc. are processed. The acceleration measuring circuit 
13 and the angular-velocity measuring circuit 14 which output the electrical potential difference 
which is proportional to a detection value, respectively are included. 

[0018] As for the acceleration output P13 and the angular-velocity output P 14 within a 
predetermined period (or the user itself decides, beforehand, a user and a medical staff arrange, 
and it decides, or it is considered variously that equipment determines by the self clock etc.), a 
predetermined operation is performed by the acceleration arithmetic circuit 15 and the 
angular-velocity arithmetic circuit 16, respectively. A predetermined operation is processing it 
into the wave of signals P13 and P14, and changing a signal. For example, equalize by 
performing rectification and smoothing which extracts the peak value of an input wave. It means 
searching for those logarithms or performing other mathematical processings, furthermore it 
samples finely the signal of the predetermined period which calculates the variance of wave-Uke 
peak value which appears at a predetermined period and takes out the variance, asking for the 
. vibrating wave-like period, etc. The movement data which are those outputs are the acceleration 
operation output P15 and the angular-velocity operation output P16. Both this output is 
transmitted [ as opposed to / as an electric-wave output P22 / an external device 2 / both ] by the 
commimication circuit 22. Both communication circuits 22 and 23 cooperate, and transmission 
and reception of data are performed in both directions, checking mutual actuation. Moreover, a 
control circuit 24 acts on each circuit in body side equipment 1, generates control signals P241, 
P242, P243, P244, and P245, and has the role which adjusts the cooperation actuation between 
the timing of each circuit of operation, or each circuit. 

[0019] The configxuration and actuation of an external device 2 are as follows. The 
communication circuit 23 which received the movement data contained in the electric-wave 
signal P22 restores to it, and changes it into the internal signal P23. In response to the internal 
signal P23, beforehand, the movement judging circuit 17 compares two kinds of information 
included in it, an acceleration operation output and an angular-velocity operation output, with 
each numerical range for which it asked experimentally about that movement, and judges how 
many kinds of the classes and reinforcement of movement which the user performed within a 
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certain period. Or the information on evaluations (for example, progress situation of 
rehabilitation etc.) over movement judged further is also added. 

[0020] The judgment result signal P17 including those information is sent to a display 18 (a 
required circuit is included), it is displayed with the individual humanity news of the user by 
whom the contents (the class of movement, reinforcement, its evaluation) etc. were registered 
beforehand, is recorded with a recording device 21, and enables a diagnosis of observers, such as 
a medical person in charge, while storage 19 memorizes. Moreover, a regenerative circuit 20 is 
reproduced at any time as a regenerative signal P20 if needed, and the storage signal P19 
including the memorized contents is displayed with a display 18. A control circuit 26 acts on each 
circuit in an external device 2, receives an input signal P231, generates control signals P251, 
P252, P253, P254, P255, and P256, and has the role which adjusts the cooperation actuation 
between the timing of each circuit of operation, or each circuit. 

[0021] Drawing 2 is the block diagram of the gestalt of operation of the 2nd of the body actuation 
sensing equipment of this invention. In this example, in body side equipment 1, it has each 
required circuit and required display 18 which were already explained (a communication circuit 
becomes unnecessary), the situation of movement and the information on the evaluation are 
displayed, and there is an advantage to which the user (wearer) itself can check it. It is possible 
to make it reproduce later on, to make a third person etc. check or to also make information 
memorized, of course record on an external instrument by the regenerative circuit 20. A control 
circuit 26 acts on each circuit in body side equipment 1, generates control signals P261, P262, 
P263, P264, and P265, and adjusts the cooperation actuation between the timing of each circuit 
of operation, or each circuit. 

[0022] Drawing 3 shows an example of the body side equipment in the gestalt of operation of this 
invention, (a) is a part plan and (b) is the A"A sectional view. This body side equipment 3 is 
carrying out the wrist watch mold mostly, is equipped with the band 36 for arm volumes, and can 
equip a wrist with it. The movement sensor 31, the indicating equipment 32, the communication 
circuit module 33, the cell 34 used as a power source, and the actuation switch 35 were shown as 
main components. Body side equipment 3 must be a thin shape and small so that wearing may 
not become a user's burden. When a display 32 thinks conspicuousness as important, it will be 
arranged on the largest front fia.ce of the body side equipment 3 equivalent to the screen of a wrist 
watchi According to the same field, the movement sensor 31 is also arranged in parallel with a 
display 32. Since a display 32 can use thin things, such as a liquid crystal display panel, the 
movement sensor 31 must also be dedicated to the sufficiently thin package. 
[0023] The reason for arranging the movement sensor 31 in parallel with a display 32 is as 
follows. The optimal movement detection direction turns to the rotation within the direction of X 
shown in the rectilinear motion, i.e., the (a) Fig., of the vertical (vertical) direction of the body 
about acceleration, and the flat surface which includes the both sides of the vertical direction of 
the body, and a cross direction about the angular rate of rotation (the direction of omega of this 
drawing), i.e., the longitudinal direction of the body, from an e^erimental result which is 
described later, and is rotation of the circumference of a level revolving shaft (parallel to the 
illustration Z-axis). body side equipment 3 - a wrist watch - like - the screen - the shell side of 
a wrist, or a palm, when supposing that it equipped so that it might become a side (this is the 
most natural and desirable), uprighting the upper part of the body, bending an elbow 
automatically, lengthening it and carrying out it Since the surface of revolution becomes parallel 
to the screen 32 of body side equipment 3, i.e., a display, if there is a thin angiilar-velocity sensor 
with a rotation detection side parallel to the largest field, it is desirable to arrange the movement 
sensor 31 which contains it inside in parallel with a display 32. 

[0024] Drawing 4 is the top view showing the internal structure of an example of the movement 
sensor in the gestalt of operation of this invention. The structure of this movement sensor fills aU 
of the above configurations, arrangement, and the demand about the detection direction. 40 is a 
container airtight (preferably vacuum) by the thin core box, and it has removed the lid 
(head-lining part of a container) in order to show a internal structure. 41 is the hermetic 
terminal pin of a large number which penetrate the pars basilaris ossis occipitaUs of a container. 
Although each pin is connected by each of the electrode layer group on the movement sensor 
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oscillating object 50, and the technique of wirebonding, the electrode layer and the bonding wire 
have omitted illustration. The movement sensor oscillating object 50 is fabricated fix>m the plate 
of the piezoelectric ingredient of one sheet, and the acceleration-sensor section and the 
angular- velocity sensor section are unified, the movement sensor oscillating object 50 - the fixed 
part A52 (slash section) of the rear face of the total base 51, and a facet - on the pUnth by the 
side of a container 40 (not shown), the rear £ace of the fixed part B64 (slash section) of a product 
pastes up, and is supported. 

[0025] The angular-velocity sensor section is the part which carried out the so-called tripod 
tuning fork t5rpe of configuration, and consists of the parallel outside foot A53, the outside foot 
B55, the inside foot C54 and the tuning fork base 56, and the supporting point 57 respectively. It 
is excited with the fixed amplitiide by the excitation circuit (oscillator circuit) included in an 
angular-velocity measuring circuit (for example, 13 of drawing 1 ) so that the outside foot A53 
and the outside foot B55 may be cantilever-fike [ each ] like the usual 2-piece tuning fork and 
symmetrical vibration may be performed about a symmetry axis (not shown). Although the 
inside foot C54 is not excited, it has a surface electrode for detecting the bending. 58A, 58B, and 
58C which attached and showed different hatching from a fixed part are an additional mass, 
respectively, and in order to lower a resonant fi^quency and to make it equal mutually, they 
consist of the thick deposit of the metal given to the foot point etc. (the resonant frequency of the 
inside foot C54 may give a difference as suitably as the resonant frequency of both ****). 
[0026] If the movement sensor 50 rotates with angular velocity omega now around a revolving 
shaft parallel to the Z-axis perpendicular to the direction of illustration, i.e., space, the Coriohs 
force proportional to angular velocity omega will act on the oscillating foot of both outsides. The 
direction is a longitudinal direction of a foot, and if the force of the foot tip sense acts on the foot 
A53 outside a certain moment, the force of going to the base of a foot will act on the outside foot 
B55. The direction of the force changes in sine synchronizing with vibration of a foot, and is 
reversed periodically. Since it is separated from two force of both **** in parallel, a couple is 
constituted, the timing fork base 56 is shaken, and a minute rotational vibration is caused in the 
surroundings of the supporting point 57. Sensing vibration of the tuning fork base 56 resulting 
frx>m the moment by this Coriohs force, the inside foot C54 vibrates with the amplitude 
proportional to Coriolis force. The oscillating electrical potential difference extracted with the 
detection electrode prepared in the inside foot C54 is the detecting signal (R> 1 drawing 1 Pll) of 
angular velocity. 

[0027] The rod A61 whose acceleration-sensor sections of the movement sensor 50 are one pair of 
vibrating parallel spring sections, a rod B62, the load mass 60 (it consists of a part of mass of the 
material plate of a large area, and mass of the thick plating material given to the front face), It 
consists of two support springs 63 (member for allowing the minute variation rate of an 
illustration Z direction, supporting the load mass 60), and a fixed part B (part for carrying out 
support immobilization so that the load mass 60 may not displace greatly especially in the 
direction of X). The rod A61 which is both-ends immobilization respectively, and a rod B62 are 
excited by the oscillator circuit (for example, contained in the angular-velocity measuring circuit 
14 of drawing 1 ) by the oscillating style which makes a symmetrical segment about the 
symmetry axis of the movement sensor 50. 

[0028] Although the oscillation frequency is usually fixed, if the acceleration of the direction of 
illustration X acts on the load mass 60, the load mass 60 will compress or pull a rod A61 and a 
rod B62 to the longitudinal direction by the force proportional to the magnitude, and an 
oscillation frequency will fluctuate with the direction and magnitude of the force, and it wiQ 
change. Then, the reference frequency and the above-mentioned oscillation frequency which 
were prepared separately are compared, and if the direction and amount of change of an 
oscillation frequency are got to know, it can ask for the acceleration of X shaft orientations. 
Especially the source of reference frequency is not prepared, but the oscillation frequency of the 
outside feet A53 and B55 which are the oscillating objects for angular-velocity sensors can be 
used for instead of. 

[0029] Next, many experiments which search for the gestalt of the optimal operation of this 
invention and which went to accumulate are explained using drawing 5 - drawing 10 . Drawing 5 
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is the explanatory view of the experiment situation of the oscillating response in body actuation 
sensing first. The body 4 which is a test subject was uprighted, one leg was put on standing ways 
5, and other feet were put on the base of the vibration exciter 6 which vibrates in the direction of 
a vertical. In addition, the axis of coordinates of X, Y, and Z was set up like illustration on the 
basis of the body 4. The black dot given to the body 4 shows the part equipped with an 
acceleration sensor. And the response of the sensor with which at least each part to the 
excitation of the direction of X (the direction of a vertical) was equipped first was calculated. 
Excitation carried out the sweep of the 5-lOOOHz with the fixed acceleration of 4.9miys ] "^s by the 
sine wave". In addition, the acceleration of the direction of X is also indispensable data, in order 
to ask for the consumption calorie in ordinary movement of a walk etc. 

[0030] Drawing 6 is the graph which shows the experimental result of an oscillating response of 
the Z direction of the acceleration sensor with which at least each part of the body when exciting 
sole of one of the two on the above-mentioned experiment conditions was equipped, and the axis 
of abscissa showed an excitation fi*equency and the acceleration with which the axis of ordinate 
was detected with logarithmic scale, respectively, (a) is the case where the top of the head and (b) 
equip with a chest pocket and (c) the wrist at which a waist belt and (d) extended the ankle and 
(e) extended the elbow, and the wrist which (0 bent the elbow and was leveled, respectively, (c) 
When a waist belt, the (d) ankle, and the (e) elbow are lengthened, each **** of a wrist which 
bent the (0 elbow shows both at the time of attaching a sensor in a symmetrical part about the 
medial axis (field which divides right and lefi;) of the case where it took and sticks to a bodily 
excitation side, and the body on the same Fig., and has made the comparison easy. The difference 
of a wave of the response by the side of excitation and the symmetry is [ that there is almost 
nothing ] the most gently-sloping in the (e) Fig. over the perimeter wave number range for seeing 
these data. Moreover, sole vibration of about 20Hz or more has low transmissibiUty, and the 
detection which could not be easily influenced of the hardness of footwear or the ground and was 
stabilized in detection of a walk or transit can be expected. It turns out that it is most excellent 
in these reasons to equip a wrist with a sensor generally if measurement of a special body region 
is not the purpose. 

[0031] Next, movement detection of the "finger-nose test" which is an example of the test 
performed in order to evaluate extent of the condition of disease of the hemiplegia patient by 
cerebral infarction was performed using the acceleration sensor and angular-velocity sensor with 
which the wrist was equipped. This is given by the subject by carrying out actuation which 
repeats a finger according to a metronome signal and it has in its nose. Drawing 7 is the graph 
which shows the measurement result of movement of the right hand in a finger-nose test, and a 
left hand by the detection wave as it is, an axis of abscissa is time amount (second), and an axis 
of ordinate is a detection value. As for a healthy person A, (c), and (d), (a) and (b) show a left 
upper extremity paralysis patient's case, as for a healthy person B, (e), and (0. Although a 
rhythm that acceleration and the angular velocity of any actuation of a near hand are smooth 
and fixed is accepted by two healthy persons for seeing these drawings In a hemiplegia patient, 
n Tempo of operation is late, the wave is also confused, since it is especially remarkable in the 
case of the upper extremity by the side of paralysis, critical [ of a symptom ], improvement extent 
in comparison with the past data, etc. can judge easily, and it turns out that the body side 
equipment of a wrist mold is very effective. 

[0032] Next, the experiment which identifies some kinds of walks by the movement sensor with 
which the wrist was equipped correctly using the measurement result of the acceleration and 
angular velocity of each direction was conducted. An axis of coordinates is as having been shown 
in drawing 5 , and the normal axis of the body in which the X-axis stood straight, and a Y-axis 
are an antero -posterior axis and a lateral axis with the level Z-axis. a test subject -- 14 man and 
woman in his 20-40's, and the class of movement - usually - a walk - he already walked, and it 
is five sorts of a jogging, transit, and an arm restricted walk (folding its arms, pocket ON **, 
private secretary), and data extraction was performed by putting together 20 steps or 50 steps. A 
detection wave carries out data processing rather than remains as it is, and is processed. When 
one detects the peak (each peak value of the vibration-voltage waveform outputted fi-om a 
measuring circuit according to a wallc) of vibration, others have taken those logarithms fiirther 
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by the case where distribution (average of the square of the difference of each data and the 
average) of the value of each point is calculated by having carried out multi-point sampling (the 
wave electrical potential difference under walk of 20 - 50 steps being sampled by 50Hz) of the 
wave. A result is divided into drawing 8 - drawing 10 , and is shown. It is drawing where drawing 
8 (a) used the variance comrade of an acceleration wave of the X-axis and a Y-axis, and (b) used 
the peak value comrade of an acceleration wave of the X-axis and a Y-axis. Drawing 9 (a) takes 
X-axis acceleration and Z axial-angle rate, (b) takes Y-axis acceleration and Z axial-angle rate, 
and aU are drawings using the peak value of a detection wave. It is drawing where, as for 
drawing 10 (a), both Y-axis acceleration and Z axial-angle rate used X-axis acceleration and Z 
axial-angle rate, and (b) used the variance comrade. 

[0033] In drawing 8 (b) which combined the peak value comrade with seeing each drawing first 
and drawing 9 (a), and (b), it solidifies in the point of measurement which shows various kinds of 
movements mutually, and since there are some which are moreover considerably complex, there 
is a possibility that discernment of movement may not be ensured. Both drawings of drawing 
1010 which combined acceleration and angular velocity in the example which combined the 
variance comrade of a detection wave to it although the separability of movement was bad in 
drawing 8 (a) which is an acceleration comrade have comparatively good separability. The 
direction of the (a) Fig. is considered that epicritic is a little good. [ which used the vertical 
direction acceleration Gx and vertical - order side internal-version angular-velocity omegaz 
especially ] 

[0034] When it is common to use the vertical direction acceleration Gx and vertical - order side 
internal-version angular-velocity omegaz as a direction of susceptibility of movement in body 
side equipment fi-om the above result, it is the optimal on movement discernment, and it is 
shown that it is realizable with body side equipment with sufficient wearing nature like drawing 
3 and a sufficient feeling of use using the thin movement sensor which this is suitable also for 
the judgment of rehabilitation like drawing 7 , and has the detection direction like drawing 4 . 
[0035] The gestalt of operation of this invention of not being caught by some gestalten described 
above is natural. For example, the direction of the susceptibility of acceleration or angular 
velocity may also choose bearing which changes with purposes of using equipment. The data 
transmitted and received between body side equipment and an external device may be what kind 
of thing, as long as required movement information is transmitted. Moreover, body side 
equipment may be equipped with functions, such as a clock and a cellular phone, (a clock 
function can be used also for control of timing). Moreover, the stowed position of body side 
equipment can also not necessarily be made into the location of for example, not only a wrist but 
arm top arbitration, moreover, a movement measurement result - always " drawing 8 - it may 
not restrict processing it as follows and displaying, but as shown in each drawing of drawing 7 , 
the detection wave of acceleration or angular velocity may be displayed as it is. Moreover, in 
quest of the average of an absolute value etc., there may be versatihty besides the experiment 
having shown data processing of measured value. Moreover, other acceleration or angular 
velocity of a direction are also measured, it considers as an auxiUary data, and raising the 
precision of a diagnosis or movement evaluation is also considered. 

[0036] Moreover, as an application of this equipment, it is not restricted to extraction and 
evaluation of movement data, for example, there is use as a communication tool. To a remote 
medical person in charge, a user can perform as a signal body actuation which fixed beforehand 
how many kinds of those demands and voUtional transfer, such as "wanting you to come 
immediately", can analyze a movement detection wave by the external device side, and can know, 
the signal actuation, i.e., intention. 
[0037] 

[Effect of the Invention] Since the acceleration of one direction and the angular rate of rotation of 
one direction are detected, a predetermined operation is added to them and movement is judged 
or evaluated, it is a simple configuration and body side equipment is miniaturized by the sensor 
and measuring circuit of (l) minimum, and the body actuation sensing equipment of this 
invention can also give allowances to the power source, and has efiTectiveness with the 
fundamental communication tool which is easy to deal with it. 
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[0038] By adding the requirements for a configuration of claims 2*7 to the configuration of claim 
1, the following effectiveness can be added further, respectively. 

(2) Since the direct reading of a judgment result of operation or the evaluation result can be 
carried out with body side equipment, it is effective in the abihty of a user to control oneself 
health easily. 

[0039] (3) Since a judgment result of operation and an evaluation result are displayed on an 
external device side by the data transmission fi:om body side equipment, by it, the condition of 
two or more users (patient) by the medical institution side can be observed and managed. 
Moreover, it is effective in the ability to receive the message from a user and perform 
corresponding treatment. 

[0040] (4) By specifying the detection direction about the body of the rectilinear motion of body 
side equipment, and rotation, it is effective in the need and sufficient information according to 
the purpose being acquired with the small detection important point prime factor. Moreover, 
since the both sides of an important walk, transit movement, and movement of an upper 
extremity are especially detectable, presumption of consumption energy and evaluation of 
rehabilitation are attained, for example. 

[0041] (5) the largest field of body side equipment, the largest field of a thin movement sensor, 
and detection — since surface of revolution was made almost parallel, there is effectiveness in 
which a feehng of a wearing burden has reaUzed Uttle body side equipment with the thin shape. 
£0042] (6) Since the acceleration sensor was furthermore united with the angular-velocity sensor 
and it piled up with the display, there is effectiveness in which it was miniaturized further and 
legible body side eqmpment has also realized the display. 

[0043] (7) By asking for distribution of an acceleration output or an angular-velocity output, it is 

eflfective in distinction of the class of movement becoming clearer. 

[0044] (8) By furthermore taking the logarithm of a movement measurement value, it is effective 
in distinction of the class of movement becoming still clearer. 



TECHNICAL FIELD 



[Field of the Invention] This invention detects movement which the body performed and relates 
to the body actuation sensing equipment which can provide a watcher with the information. 



PRIOR ART 



[Description of the Prior Art] Many [ the proposal of invention which attaches in a user's body, 
detects movement of the body by the sensor, judges a user's movement situation by the data, and 
is used for the purposes, such as health care, ] For example, telephone transmission is carried 
out, the momentum which carried out automatic meter reading to the inputted personal data is 
analyzed to an external center computer, and the personal digital assistant which has the 
accelerometer which the user put on in the technique indicated by (l) JP, 10-29565 1,A (waist etc.) 
carries out a medical checkup to it, and receives and displays the result. 

[0003] (2) In the technique indicated by JP,2000-41953,A, process the primary body motion 
which the body motion sensor of an action data collector (user body side) detected, and the action 
data output equipment (external personal computer side) which received it outputs the data 
which carried out secondary elaboration using individual humanity news. Individual humanity 
news input by the side of a living body information gathering device and are recording of a lot of 
secondary elaboration information are made unnecessary, and reduction of operabiUty or 
memory space is aimed at. 

(3) In JP,2000-41952,A, in order to reduce the memory space of an action information detection 
device, from the output of a sensor and a body motion detector, calculate biological information, 
such as the number of steps, a walk pace, a class of action, exercise intensity, and a consumption 
calorie, using Interior IVIPU, and transmit a count result to storage, a display, or the exterior for 
every minute. 
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[0004] (4) It seems that in addition, an acceleration sensor is made to build in a pedometer 
(pedmeter (trademark)), the wrist watch of a multifunctional mold, etc., and there were also the 
product and reference which measure the number of steps and exercise intensity and told health 
management information, such as a consumption calorie by movement. 

(5) In order to perform the monitoring of actuation of the patient who produced the failure in 
action, or an urgent automatic announcement for the purpose on medical supervision 
furthermore, in addition to an acceleration sensor, angular-rate-of-rotation sensors, such as an 
oscillating gyroscope, are added, and a report [ in / in research and an experiment of specification 
aiming at detection of movement being made / a related society ] etc. sees. 

(6) On the other hand, when the movement sensor technique was seen, acceleration and angular 
velocity were conventionally measured by the separate sensor. By the angular-velocity sensor, 
the oscillating gyroscope which used the fi-ee fi-ee bar and the tuning fork of 2 pieces as an 
oscillating object which detects CorioUs force is being used especially. 



EFFECT OF THE INVENTION 



[Effect of the Invention] Since the acceleration of one direction and the angular rate of rotation of 
one direction are detected, a predetermined operation is added to them and movement is judged 
or evaluated, it is a simple configuration and body side equipment is miniaturized by the sensor 
and measuring circuit of (l) minimum, and the body actuation sensing equipment of this 
invention can also give allowances to the power source, and has effectiveness with the 
fundamental communication tool which is easy to deal with it. 

[0038] By adding the requirements for a configuration of claims 2-7 to the configuration of claim 
1, the following effectiveness can be added farther, respectively. 

(2) Since the direct reading of a judgment result of operation or the evaluation result can be 
carried out with body side eqmpment, it is effective in the abiUty of a user to control oneself 
health easily. 

[0039] (3) Since a judgment result of operation and an evaluation result are displayed on an 
external device side by the data transmission fi-om body side equipment, by it, the condition of 
two or more users (patient) by the medical institution side can be observed and managed. 
Moreover, it is effective in the ability to receive the message firom a user and perform 
corresponding treatment. 

[0040] (4) By specifying the detection direction about the body of the rectilinear motion of body 
side equipment, and rotation, it is effective in the need and sufficient information according to 
the purpose being acquired with the small detection important point prime factor. Moreover, 
since the both sides of an important walk, transit movement, and movement of an upper 
extremity are especially detectable, presumption of consumption energy and evaluation of 
rehabilitation are attained, for example. 

[0041] (5) the largest field of body side equipment, the largest field of a thin movement sensor, 
and detection - since surface of revolution was made almost parallel, there is effectiveness in 
which a feeling of a wearing burden has reaUzed Uttle body side equipment with the thin shape. 
[0042] (6) Since the acceleration sensor was furthermore united with the angular-velocity sensor 
and it piled up with the display, there is effectiveness in which it was miniaturized further and 
legible body side equipment has also realized the display. 

[0043] (7) By asking for distribution of an acceleration output or an angular-velocity output, it is 
effective in distinction of the class of movement becoming clearer. 

[0044] (8) By furthermore taking the logarithm of a movement measurement value, it is effective 
in distinction of the class of movement becoming still clearer. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] It is still small fiiUy for seeing the gestalt of each 
implementation of invention in the above-mentioned conventional example (l), (2), and (3), and 
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the burden of the user (the body is an inconvenient patient in many cases) by wearing is 
considered that it cannot say that few body side devices are proposed. Although there is an 
advance in respect of the miniaturization of a device in the conventional example (4), it is not the 
technique which the information which it is going to acquire in these conventional examples has 
stopped within the limits of a healthy person's health care, for example, can be immediately used 
also for the medical purposes, such as evaluation of a patient's rehabilitation. 
[0006] Although the purpose of research of the above-mentioned conventional example (5) also 
have the point which be common in this invention in it be the improvement of the iatrotechnique, 
detection of the actuation relevant to it be target the specific disease as the concrete purpose (for 
example, movement which a burden require for a circulatory system disease and cardiac 
performance), and there be many parts which cannot apply actuation of paralytic [ by cerebral 
infarction ] to this invention which it be going to put into a visual field easily directly, either. It 
seems that moreover, there is no reference about the concrete optimal technique which actually 
equips a patient with a movement sensor not much. 

[0007] Moreover, surface of revolution, the revolving shaft with which the angular-velocity 
sensor in the conventional technique mentioned as the conventional example (6) can detect 
angular velocity, i.e., detect, on the longitudinal shaft of the tuning fork of 2 pieces or a 
cylindrical oscillating object, is perpendicular to a longitudinal shaft. This increases the 
thickness of body side equipment inevitably, when parallel to the main firont faces of the 
equipment which equips the body with detectable siir&ce of revolution. Moreover, body side 
equipment will be carried out to an acceleration sensor and an angular-velocity sensor being 
another objects on a large scale. In order to mitigate the feeling of a burden of wearing according 
to these situations, in the present condition, it is diffictilt a thin shape and to make it small. In 
addition, there are also many examples as which the sensor of other gestalten was proposed. 
[0008] The purpose of this invention is offering the high body actuation sensing equipment of the 
practicality with which detects actuation of a user's body, can distinguish it being predetermined 
actuation, and can display the information, and he or an observer can be provided. Moreover, it is 
offering the body actuation sensing equipment which enabled measurement of a walk, and 
evaluation of rehabilitation at least. 



MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, the body 
actuation sensing equipment of this invention is equipped with the following description. 

(1) The movement sensor which can measure the acceleration of one direction, and the 
surrounding angular rate of rotation of one shaft, The body side equipment with which the 
predetermined part of the body is equipped including a measuring circuit means by which 
predetermined carries out period measurement of the acceleration of said one direction, and the 
surrounding angular rate of rotation of one shaft, by this movement sensor. An arithmetic circuit 
means to perform a predetermined operation to the acceleration output and angular-velocity 
output of this measuring circuit means, respectively. Have a judgment circuit means to judge the 
class and reinforcement of body movement in said predetermined period with the combination of 
the acceleration output and angular-velocity output to which said predetermined operation was 
performed, and said display means to display the class and the reinforcement, or its evaluation 
result of judged body movement. 

[00 10] The body actuation sensing equipment of this invention may be further equipped with at 
least one of the following descriptions. 

(2) Be built in the body side equipment with which the predetermined part of the body is 
equipped with all of said movement sensor, said measuring circuit means, said arithmetic circiiit 
means, said judgment circuit means, and said display means. 

[00 11] (3) Said movement sensor, said measuring circuit means, and said arithmetic circuit 
means. It is built in the body side equipment with which the predetermined part of the body is 
equipped with said movement sensor and said measuring circuit means at least among said 
judgment circuit means and said display means. Other means are built in the external device 
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with which said body is not equipped, and said body side equipment should have been equipped 
with the transmitting means of middle data, and said external device should be equipped with 
the receiving means of said middle data. 

[0012] (4) The angular velocity of one direction where the body is the acceleration of the vertical 
direction mostly, and said movement sensor detects the acceleration of one direction which said 
movement sensor detects should be the angular velocity to rotation within the flat surface of the 
body which contains the direction of a vertical, and a cross direction mostly. 
[0013] (5) Said body side equipment is a device with which an arm is equipped, in the interior, 
the angular-velocity sensor section of said movement sensor is contained by the container of a 
core box with thin thickness, and is arranged almost in parallel with the largest field of said body 
side equipment, and the detection hand of cut of said angular-velocity sensor section should be a 
direction almost parallel to the largest fi-ont face of the container of said core box. 
[0014] (6) Said body side equipment has a display on the main firont faces, and the 
acceleration-sensor section and the angular-velocity sensor section of structure which were 
unified are contained by the container of the core box of said movement sensor, and the container 
of said movement sensor is arranged in said body side equipment almost in parallel with said 
display, and the acceleration detection direction of said movement sensor should be a direction 
almost parallel to the largest fi-ont face of the container of said core box. 

[0015] (7) Said predetermined operation should be asking for one [ at least ] distribution of said 
acceleration output and said angular-velocity output. 

[0016] (8) Said predetermined operation should be asking for one [ at least ] distribution of said 
acceleration output and said angular-velocity output, and taking the logarithm fiirther. 
[0017] 

[Embodiment of the Invention] Drawing 1 is the block diagram of the gestalt of operation of the 
1st of the body actuation sensing equipment of this invention. This equipment consists of the 
body side equipment 1 which a user attaches in the predetermined part of the body, and the 
external device 2 installed in a medical center-location. The internal configuration of body side 
equipment 1 The acceleration to the specific direction The angular velocity of rotation parallel to 
the acceleration sensor 11 to detect and a specific field Excite respectively the angular-velocity 
sensor 12 to detect and the sensor which is these mechanical oscillation object, extract the 
detecting signals Pll and P12 of acceleration and angular velocity again (a driving signal is P130 
and P140), and detection, magnification, etc. are processed. The acceleration measuring circuit 
13 and the angular-velocity measuring circuit 14 which output the electrical potential difference 
which is proportional to a detection value, respectively are included. 

[0018] As for the acceleration output P13 and the angular-velocity output P14 within a 
predetermined period (or the user itself decides, beforehand, a user and a medical staff arrange, 
and it decides, or it is considered variously that equipment determines by the self clock etc.), a 
predetermined operation is performed by the acceleration arithmetic circuit 15 and the 
angular-velocity arithmetic circuit 16, respectively. A predetermined operation is processing it 
into the wave of signals P13 and P14, and changing a signal. For example, equalize by 
performing rectification and smoothing which extracts the peak value of an input wave. It means 
searching for those logarithms or performing other mathematical processings, furthermore it 
samples finely the signal of the predetermined period which calculates the variance of wave-Uke 
peak value which appears at a predetermined period and takes out the variance, asking for the 
vibrating wave-like period, etc. The movement data which are those outputs are the acceleration 
operation output P15 and the angular-velocity operation output P16. Both this output is 
transmitted [ as opposed to / as an electric-wave output P22 / an external device 2 / both ] by the 
communication circuit 22. Both communication circuits 22 and 23 cooperate, and transmission 
and reception of data are performed in both directions, checking mutual actuation. Moreover, a 
control circuit 24 acts on each circuit in body side equipment 1, generates control signals P241, 
P242, P243, P244, and P245, and has the role which adjusts the cooperation actuation between 
the timing of each circuit of operation, or each circuit. 

[0019] The configuration and actuation of an external device 2 are as follows. The 
communication circuit 23 which received the movement data contained in the electric-wave 
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signal P22 restores to it, and changes it into the internal signal P23. In response to the internal 
signal P23, beforehand, the movement judging circuit 17 compares two kinds of information 
included in it, an acceleration operation output and an angular-velocity operation output, with 
each numerical range for which it asked experimentally about that movement, and judges how 
many kinds of the classes and reinforcement of movement which the user performed within a 
certain period. Or the information on evaluations (for example, progress situation of 
rehabilitation etc.) over movement judged further is also added. 

[0020] The judgment result signal P17 including those information is sent to a display 18 (a 
required circuit is included), it is displayed with the individual humanity news of the user by 
whom the contents (the class of movement, reinforcement, its evaluation) etc. were registered 
beforehand, is recorded with a recording device 21, and enables a diagnosis of observers, such as 
a medical person in charge, while storage 19 memorizes. Moreover, a regenerative circuit 20 is 
reproduced at any time as a regenerative signal P20 if needed, and the storage signal P19 
including the memorized contents is displayed with a display 18. A control circuit 26 acts on each 
circuit in an external device 2, receives an input signal P231, generates control signals P251, 
P252, P253, P254, P255, and P256, and has the role which adjusts the cooperation actuation 
between the timing of each circuit of operation, or each circuit. 

[0021] Drawing 2 is the block diagram of the gestalt of operation of the 2nd of the body actuation 
sensing equipment of this invention. In this example, in body side equipment 1, it has each 
required circuit and reqviired display 18 which were already explained (a communication circuit 
becomes unnecessary), the situation of movement and the information on the evaluation are 
displayed, and there is an advantage to which the user (wearer) itself can check it. It is possible 
to make it reproduce later on, to make a third person etc. check or to also make information 
memorized, of course record on an external instrument by the regenerative circuit 20. A control 
circuit 26 acts on each circuit in body side equipment 1, generates control signals P261, P262, 
P263, P264, and P265, and adjusts the cooperation actuation between the timing of each circuit 
of operation, or each circuit. 

[0022] Drawing 3 shows an example of the body side equipment in the gestalt of operation of this 
invention, (a) is a part plan and (b) is the A-A sectional view. This body side equipment 3 is 
carrying out the wrist watch mold mostly, is equipped with the band 36 for arm volumes, and can 
equip a wrist with it. The movement sensor 31, the indicating equipment 32, the communication 
circuit module 33, the cell 34 used as a power source, and the actuation switch 35 were shown as 
main components. Body side equipment 3 must be a thin shape and small so that wearing may 
not become a user's burden. When a display 32 thinks conspicuousness as important, it will be 
arranged on the largest front face of the body side equipment 3 equivalent to the screen of a wrist 
watch. According to the same field, the movement sensor 31 is also arranged in parallel with a 
display 32. Since a display 32 can use thin things, such as a liquid crystal display panel, the 
movement sensor 31 must also be dedicated to the suiBBciently thin package. 
[0023] The reason for arranging the movement sensor 31 in parallel with a display 32 is as 
follows. The optimal movement detection direction turns to the rotation within the direction of X 
shown in the rectilinear motion, i.e., the (a) Fig., of the vertical (verticaO direction of the body 
about acceleration, and the flat surface which includes the both sides of the vertical direction of 
the body, and a cross direction about the angular rate of rotation (the direction of omega of this 
drawing), i.e., the longitudinal direction of the body, from an experimental result which is 
described later, and is rotation of the circumference of a level revolving shaft (parallel to the 
illustration Z-axis). body side equipment 3 — a wrist watch - like the screen — the shell side of 
a wrist, or a palm, when supposing that it equipped so that it might become a side (this is the 
most natural and desirable), uprighting the upper part of the body, bending an elbow 
automatically, lengthening it and carrying out it Since the surface of revolution becomes parallel 
to the screen 32 of body side equipment 3, i.e., a display, if there is a thin angular- velocity sensor 
with a rotation detection side parallel to the largest field, it is desirable to arrange the movement 
sensor 31 which contains it inside in parallel with a display 32. 

[0024] Drawing 4 is the top view showing the internal structure of an example of the movement 
sensor in the gestalt of operation of this invention. The structure of this movement sensor fills all 
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of the above configurations, arrangement, and the demand about the detection direction. 40 is a 
container airtight (preferably vacuum) by the thin core box, and it has removed the Ud 
(head-lining part of a container) in order to show a internal structure. 41 is the hermetic 
terminal pin of a large number which penetrate the pars basilaris ossis occipitalis of a container. 
Although each pin is connected by each of the electrode layer group on the movement sensor 
oscillating object 50, and the technique of wirebonding, the electrode layer and the bonding wire 
have omitted illustration. The movement sensor oscillating object 50 is fabricated fi:om the plate 
of the piezoelectric ingredient of one sheet, and the acceleration-sensor section and the 
angular-velocity sensor section are unified, the movement sensor oscillating object 50 " the fixed 
part A52 (slash section) of the rear face of the total base 51, and a facet - on the plinth by the 
side of a container 40 (not shown), the resu: face of the fixed part B64 (slash section) of a product 
pastes up, and is supported. 

[0025] The angular-velocity sensor section is the part which carried out the so-called tripod 
tuning fork type of configuration, and consists of the parallel outside foot A53, the outside foot 
B55, the inside foot C54 and the tuning fork base 56, and the supporting point 57 respectively. It 
is excited with the fixed amplitude by the excitation circuit (oscillator circuit) included in an 
angular-velocity measuring circuit (for example, 13 of drawing 1 ) so that the outside foot A53 
and the outside foot B55 may be cantilever-Uke [ each ] like the usual 2-piece tuning fork and 
symmetrical vibration may be performed about a symmetry axis (not shown). Although the 
inside foot C54 is not excited, it has a surfieice electrode for detecting the bending. 58A, 58B, and 
58C which attached and showed different hatching fi:om a fixed part are an additional mass, 
respectively, and in order to lower a resonant firequency and to make it equal mutually, they 
consist of the thick deposit of the metal given to the foot point etc. (the resonant fi-equency of the 
inside foot C54 may give a difference as suitably as the resonant firequency of both ****). 
[0026] If the movement sensor 50 rotates with angular velocity omega now around a revolving 
shaft parallel to the Z-axis perpendicular to the direction of illustration, i.e., space, the CorioUs 
force proportional to angular velocity omega will act on the oscillating foot of both outsides. The 
direction is a longitudinal direction of a foot, and if the force of the foot tip sense acts on the foot 
A53 outside a certain moment, the force of going to the base of a foot will act on the outside foot 
B55. The direction of the force changes in sine synchronizing with vibration of a foot, and is 
reversed periodically. Since it is separated from two force of both **** in parallel, a couple is 
constituted, the timing fork base 56 is shaken, and a minute rotational vibration is caused in the 
surroundings of the supporting point 57. Sensing vibration of the tuning fork base 56 resulting 
firom the moment by this Coriolis force, the inside foot C54 vibrates with the amplitude 
proportional to Coriolis force. The oscillating electrical potential difference extracted with the 
detection electrode prepared in the inside foot C54 is the detecting signal (R> 1 drawing 1 Pll) of 
angular velocity. 

[0027] The rod A61 whose acceleration-sensor sections of the movement sensor 50 are one pair of 
vibrating parallel spring sections, a rod B62, the load mass 60 (it consists of a part of mass of the 
material plate of a large area, and mass of the thick plating material given to the firont face), It 
consists of two support springs 63 (member for allowing the minute variation rate of an 
illustration Z direction, supporting the load mass 60), and a fixed part B (part for carrying out 
support immobilization so that the load mass 60 may not displace greatly especially in the 
direction of X). The rod A61 which is both-ends immobilization respectively, and a rod B62 are 
excited by the oscillator circuit (for example, contained in the angular-velocity measuring circuit 
14 of drawing 1 ) by the oscillating style which makes a symmetrical segment about the 
symmetry axis of the movement sensor 50. 

[0028] Although the oscillation firequency is usually fixed, if the acceleration of the direction of 
illustration X acts on the load mass 60, the load mass 60 will compress or pull a rod A61 and a 
rod B62 to the longitudinal direction by the force proportional to the magnitude, and an 
oscillation frequency will fluctuate with the direction and magnitude of the force, and it will 
change. Then, the reference firequency iand the above-mentioned oscillation firequency which 
were prepared separately are compared, and if the direction and amount of change of an 
oscillation firequency are got to know, it can ask for the acceleration of X shafi; orientations. 
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Especially the source of reference frequency is not prepared, but the oscillation frequency of the 
outside feet A53 and B55 which are the oscillating objects for angular-velocity sensors can be 
used for instead of. 

[0029] Next, many experiments which search for the gestalt of the optimal operation of this 
invention and which went to accumulate are explained using drawing 5 ■ drawing 10 . Drawing 5 
is the explanatory view of the experiment situation of the oscillating response in body actuation 
sensing first. The body 4 which is a test subject was uprighted, one leg was put on standing ways 
5, and other feet were put on the base of the vibration exciter 6 which vibrates in the direction of 
a vertical. In addition, the axis of coordinates of X, Y, and Z was set up like illustration on the 
basis of the body 4. The black dot given to the body 4 shows the part equipped with an 
acceleration sensor. And the response of the sensor with which at least each part to the 
excitation of the direction of X (the direction of a vertical) was equipped first was calculated. 
Excitation carried out the sweep of the 5-lOOOHz with the fixed acceleration of 4.9m[/s ] *s by the 
sine wave. In addition, the acceleration of the direction of X is also indispensable data, in order 
to ask for the consumption calorie in ordinary movement of a walk etc. 

[0030] Drawing 6 is the graph which shows the experimental result of an oscillating response of 
the Z direction of the acceleration sensor with which at least each part of the body when exciting 
sole of one of the two on the above-mentioned experiment conditions was equipped, and the axis 
of abscissa showed an excitation fi:^quency and the acceleration with which the axis of ordinate 
was detected with logarithmic scale, respectively, (a) is the case where the top of the head and (b) 
equip with a chest pocket and (c) the wrist at which a waist belt and (d) extended the ankle and 
(e) extended the elbow, and the wrist which (0 bent the elbow and was leveled, respectively, (c) 
When a waist belt, the (d) ankle, and the (e) elbow are lengthened, each **** of a wrist which 
bent the (d elbow shows both at the time of attaching a sensor in a symmetrical part about the 
medial axis (field which divides right and left) of the case where it took and sticks to a bodily 
excitation side, and the body on the same Fig., and has made the comparison easy. The difference 
of a wave of the response by the side of excitation and the symmetry is [ that there is almost 
nothing ] the most gently- sloping in the (e) Fig. over the perimeter wave number range for seeing 
these data. Moreover, sole vibration of about 20Hz or more has low transmissibiUty, and the 
detection which could not be easily influenced of the hardness of footwear or the ground and was 
stabilized in detection of a walk or transit can be expected. It turns out that it is most excellent 
in these reasons to equip a wrist with a sensor generally if measurement of a special body region 
is not the purpose. 

[0031] Next, movement detection of the "finger-nose test" which is an example of the test 
performed in order to evaluate extent of the condition of disease of the hemiplegia patient by 
cerebral infarction was performed using the acceleration sensor and angular-velocity sensor with 
which the wrist was equipped. This is given by the subject by carrying out actuation which 
repeats a finger according to a metronome signal and it has in its nose. Drawing 7 is the graph 
which shows the measurement result of movement of the right hand in a finger-nose test, and a 
left hand by the detection wave as it is, an axis of abscissa is time amount (second), and an axis 
of ordinate is a detection value. As for a healthy person A, (c), and (d), (a) and (b) show a left 
upper extremity paralysis patient's case, as for a healthy person B, (e), and (fi. Although a 
rh3rthm that acceleration and the angular velocity of any actuation of a near hand are smooth 
and fixed is accepted by two healthy persons for seeing these drawings In a hemiplegia patient, 
II Tempo of operation is late, the wave is also confused, since it is especially remarkable in the 
case of the upper extremity by the side of paralysis, critical [ of a symptom ], improvement extent 
in comparison with the past data, etc. can judge easily, and it turns out that the body side 
equipment of a wrist mold is very effective. 

[0032] Next, the experiment which identifies some kinds of walks by the movement sensor with 
which the wrist was equipped correctly using the measurement result of the acceleration and 
angular velocity of each direction was conducted. An axis of coordinates is as having been shown 
in drawing 5 , and the normal axis of the body in which the X-axis stood straight, and a Y-axis 
are an antero-posterior axis and a lateral axis with the level Z"axis. a test subject - 14 man and 
woman in his 20-40*s, and the class of movement - usually - a walk - he already walked, and it 
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is five sorts of a jogging, transit, and an arm restricted walk (folding its arms, pocket ON **, 
private secretary), and data extraction was performed by putting together 20 steps or 50 steps. A 
detection wave carries out data processing rather than remains as it is, and is processed. When 
one detects the peak (each peak value of the vibration-voltage waveform outputted fi'om a 
measuring circuit according to a walk) of vibration, others have taken those logarithms further 
by the case where distribution (average of the square of the difference of each data and the 
average) of the value of each point is calculated by having carried out multi-point sampling (the 
wave electrical potential difference under walk of 20 • 50 steps being sampled by 50Hz) of the 
wave. A result is divided into drawing 8 - drawing 10 , and is shown. It is drawing where drawing. 
8 (a) used the variance comrade of an acceleration wave of the X-axis and a Y-axis, and (b) used 
the peak value comrade of an acceleration wave of the X-axis and a Y-axis. Drawing 9 (a) takes 
X-axis acceleration and Z axial-angle rate, (b) takes Y-axis acceleration and Z axial-angle rate, 
and all are drawings using the peak value of a detection wave. It is drawing where, as for 
drawing 10 (a), both Y-axis acceleration and Z axial-angle rate used X-axis acceleration and Z 
axial-angle rate, and (b) used the variance comrade. 

[0033] In drawing 8 (b) which combined the peak value comrade with seeing each drawing first 
and drawing 9 (a), and (b), it solidifies in the point of measurement which shows various kinds of 
movements mutually, and since there are some which are moreover considerably complex, there 
is a possibility that discernment of movement may not be ensured. Both drawings of drawing 
1010 which combined acceleration and angular velocity in the example which combined the 
variance comrade of a detection wave to it although the separability of movement was bad m 
drawing 8 (a) which is an acceleration comrade have comparatively good separability. The 
direction of the (a) Fig. is considered that epicritic is a little good. [ which used the vertical 
direction acceleration Gx and vertical * order side internal-version angular-velocity pmegaz 
especially ] 

[0034] When it is common to use the vertical direction acceleration Gx and vertical - order side 
internal-version angular-velocity omegaz as a direction of susceptibility of movement in body 
side equipment from the above result, it is the optimal on movement discernment, and it is 
shown that it is reaUzable with body side equipment with sufficient wearing nature like drawing 
3 and a sufficient feeling of use using the thin movement sensor which this is suitable also for 
the judgment of rehabihtation like drawing 7 , and has the detection direction like drawing 4 . 
[0035] The gestalt of operation of this invention of not being caught by some gestalten described 
above is natural. For example, the direction of the susceptibility of acceleration or angular 
velocity may also choose bearing which changes with purposes of using equipment. The data 
transmitted and received between body side equipment and an external device may be what kind 
of thing, as long as required movement information is transmitted. Moreover, body side 
equipment may be equipped with functions, such as a clock and a cellular phone, (a clock 
fiinction can be used also for control of timing). Moreover, the stowed position of body side 
equipment can also not necessarily be made into the location of for example, not only a wrist but 
arm top arbitration, moreover, a movement measurement result - always - drawing 8 - it may 
not restrict processing it as follows and displaying, but as shown in each drawing of drawing 7 , 
the detection wave of acceleration or angular velocity may be displayed as it is. Moreover, in 
quest of the average of an absolute value etc., there may be versatility besides the experiment 
having shown data processing of measured value. Moreover, other acceleration or angular 
velocity of a direction are also measured, it considers as an auxihary data, and raising the 
precision of a diagnosis or movement evaluation is also considered. 

[0036] Moreover, as an appUcation of this equipment, it is not restricted to extraction and 
evaluation of movement data, for example, there is use as a communication tool. To a remote 
medical person in charge, a user can perform as a signal body actuation which fixed beforehand 
how many kinds of those demands and voUtional transfer, such as "wanting you to come 
immediately", can analyze a movement detection wave by the external device side, and can know, 
the signal actuation, i.e., intention. 
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[Brief Description of the Drawings] 

[Drawing ll It is the block diagram of the gestalt of operation of the 1st of this invention. 
[Drawing 2] It is the block diagram of the gestalt of operation of the 2nd of this invention. 
[Drawing 31 An example of the body side equipment in the gestalt of operation of this invention is 
shown, (a) is a part plan and (b) is the A-A sectional view. 

[Drawing 4] It is the top view showing the internal structure of the movement sensor in the 
gestalt of operation of this invention. 

[Drawing 5] It is the explanatory view of the experiment situation of the oscillating response in 
body actuation sensing. 

[Drawing 6l It is the graph which shows the experimental result of the oscillating response like 
each part of the body, and the top of the head and (b) of (a) are [ a chest pocket and (c) ] the cases 
of the wrist at which a waist belt and (d) extended **** and (e) extended the elbow, and the wrist 
to which (0 bent the elbow and leveled it. 

[Drawing 7l In the graph which shows the measurement result of movement of the right hand in 
a finger-nose test, and a left hand, as for a healthy person A, (c), and (d), (a) and (b) show a left 
upper extremity paralysis patient's case, as for a healthy person B, (e), and (6. 
[Drawing 8l It is the graph which shows the experimental result which performed various kinds 
of body movements, carried out data processing of the movement data of each direction of a wrist, 
and combined them, and is drawing where (a) used the variance comrade of an acceleration wave 
of the X-axis and a Y-axis, and (b) used the peak value comrade of an acceleration wave of the 
X-axis and a Y-axis. 

[Drawing 91 It is the graph which shows the experimental result which carried out data 
processing of the movement data of each direction of a wrist, and combined them, and (a) takes 
X-axis acceleration and Z axial-angle rate, (b) takes [ various kinds of body movements are 
performed, ] Y-axis acceleration and Z axial-angle rate, and all are drawings using the peak 
value of a detection wave. 

[Drawing lOl It is the graph which shows the experimental result which performed various kinds 
of body movements, carried out data processing of the movement data of each direction of a wrist, 
and combined theni, and is drawing where, as for (a), both Y-axis acceleration and Z axial-angle 
rate used X-axis acceleration and Z axial-angle rate, and (b) used the variance comrade. 
[Description of Notations] 

1 Three Body side equipment 

2 External Device 

4 Body 

5 Standing Ways 

6 \^bration Exciter 

11 Acceleration Sensor 

12 Angular- Velocity Sensor 

13 Acceleration Measuring Circuit 

14 Angular- Velocity Measuring Circuit 

15 Acceleration Arithmetic Circuit 

16 Angular- Velocity Arithmetic Circuit 

17 Movement Judging Circuit 

18 Display 

19 Storage 

20 Regenerative Circuit 

21 Recording Device 

22 23 Communication circuit 
24, 25, 26 Control circuit 

31 Movement Sensor 

32 Display 

33 Communication Module 

34 CeU 
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35 Actuation Switch 

36 Arm Volume Band 

40 Sensor Container 

41 Hermetic Terminal Pin 

50 Movement Sensor Oscillating Object 

51 The Total Base 

52 Fixed Part A 

53 Outside Foot A 

54 Inside Foot B 

55 Outside Foot C 

56 Tuning Fork Base 

57 Supporting Point 

58A, 58B, 58C Foot additional mass 

60 Load Mass 

61 Rod A 

62 Rod B 

63 Support Spring 

64 Fixed Part B 
G Acceleration 

Z Axis'of Gobrdinates 
omega Angular velocity 
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